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ABSTRACT

PERFORMANCE WITH LIGHT-WEIGHT GRENADES
AS A FUNCTION OF WEIGHT AND DISTANCE

OBJECT

In this study, the effect of weight and distance on the accuracy
and consistency of throwing was investigated. Five weights were
selected from a range which was considerably below the standard.
Six distances were used.

RESULTS AND CONCLUSIONS

Each increase in distance resulted in a decrement in the accu-
racy and consistency with which the subjects threw. With the ex-
ception of the 2-ounce grenade, there was a trend for a decrease in
the accuracy and consistency of throwing with increasing weight.
Accuracy with the 2-ounce grenade was significantly different from
that with all other weights. The graphic analyses and observations
during the experiment suggested that throwing the 2-ounce grenade
was a qualitatively different task than throwing the other weights.
It was not possible to relate performance to effort in any systematic
fashion.

RECOMMENDATIONS

Light-weight grenades should not be designed to weigh less than
6 ounces until the effect of changes in the characteristic trajectory
and throwing technique with light objects is evaluated.

The relationship between accuracy and effort should be more
precisely determined. A reactive force platform appears to be a
promising instrument for this determination.
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PERFORMANCE WITH LIGHT-WEIGHT GRENADES
AS A FUNCTION OF WEIGHT AND DISTANCE

I. INTRODUCTION

The hand grenade is one of the weapons used by a soldier in
close combat. Its effectiveness is determined by many factors,
including the skill and training of the thrower, the conditions under
which it is thrown, the environment, and the design of the grenade
itself. This laboratory has been conducting a series of studies in
which the design of the grenade and the conditions under which it is
thrown have been investigated. The basic approach has been that
grenade throwing is a gross psychomotor task, involving a large
amount of force and a lesser amount of fine control (coordination)
and skill.

In two previous reports, the variables under study were the
shape and weight of the grenade and the distance it was thrown.
None of the five shapes which were studied significantly improved
performance (1, 2). Both weight and distance significantly altered
performance. In AMRL Report No. 153 (2), weight and distance
were combined into an effort measure and a curve was drawn show-
ing the relationship between effort and accuracy.

This study is an extension of the attempt to combine weight and
distance into an effort measure as well as an evaluation of perform -

ance with light-weight grenades. Five weights and six throwing
distances were used. The distances were 10, 15, 20, 25, 30, and
35 yards. The weights were 2, 4, 6, 8, and 10 ounces. While these
weights are considerably below the weight of the standard fragmen-
tation grenade, the results can be generalized to a variety of motor
tasks in which the gross effort of throwing is a component.

Because of the intention to combine weight and distance into an
effort measure, a factorial design was used in this study; both varia-
bles were studied simultaneously. Both accuracy (radial distance
from the target center) and consistency (dispersion, or the scatter
of the throw) were used as measures of performance.

II. EXPEIRIMENTAL PROCEDURE

A. Apparatus

The grenades consisted of facsimiles of the standard frag-
mentation grenade, except that there was no arming mechanism and

/



the body was not serrated. They were made of wood, drilled out or
weighted with lead, as necessary to obtain 2, 4, 6, 8, and 10 ounces.
Care was taken in adding lead to assure that the grenades were
properly balanced. Five grenades of each weight were used. The
weights obtained were within one-half ounce of the desired weight.

The target consisted of a horizontal, bull's-eye type of target
area, with a two-by-four post one foot tall at the center. A series
of reference pins (concentric to the center) were laid out in a rircle
which had a radius of 11 feet. The pins were set at 50 intervals,
running clockwise, with zero being on the line between the center
post and the subject. Tags, giving the angular values, were placed
upon the pins. A movable barricade, measuring 4 feet high and 4
feet wide, was used to insure that the thrower was at the specified
distance from the target and all throws were made overhand. Dis-
tance pegs were placed in a line at 5-yard intervals, starting 10
yards from the target and going out to 35 yards. Since this study
was run in the desert, care was taken to select an experimental area
which had sufficient visual structure to provide effective depth cues
and reduce the contribution of the perceptual component to the total
error.

B. Subjects

Twelve men from the laboratory were employed as subjects.
They were in good health, had no physical deformities of the throw-
ing arm or hand, and had served as subjects in previous grenade
studies.

C. Scoring

"All throws were recorded in terms of distance to the nearest
inch from the bull's-eye, and in terms of direction to the nearest S0.
A hit on the center post was recorded as zero in distance and direc -
tion. The score was taken at the initial point of-contact, with the
roll of the grenade disregarded.

D. Procedure

Subjects made five throws of each weight of grenade at
every distance. To minimize fatigue, subjects threw only thirty
times in each day. All twelve subjects threw one weight in a single
day. All thirty throws by a subject were made in succession. Sub -
jects threw from the six distances in a predetermined random order.
Throwing order was systematically balanced between subjects and

2



no two subjects threw in the same order. Each throwing order was
used five times (once for each weight) for the subject assigned to it,
with the orders reversed in the second and fourth days of the series.

For each session the men were organized into teams of three.
These teams included a thrower, a scorer, and a tape man. Sub-
jects rotated at all three positions. In addition to the scoring teams,
there were 3 supervisors on the field during the session.

The procedure for each throw was as follows: The movable
barricade was set up at the designated distance. The subject crouched
behind the barricade with a grenade in his hand. On the command,
"Throvw," the subject stood up, threw, and returned to the crouched
position.

At the target area, the scorer pushed a pencil into the ground
at the initial point of contact for the throw. The tape man moved
around the outside ring of the target so that the tape stretched tight
against the side of the pencil. The throw was recorded in distance
from the center of the target to the nearest inch and in direction to
the nearest 50 marked on the reference pin closest to the tape as it
crossed the outer circle.

III. RESULTS

A total of 1, 800 scores were obtained, five for each of the 12
subjects, on every combination of 5 weights and 6 distances. A
mean wvas calculated for each group of 5 throws. These individual
means were then summarised into 30 group means, one for each
combination of weight and distance. Two kinds of means can be
computed from these types of scores. The first, which will be called
the radial mean, can be obtained from the sum of the error (distance
from the center of the target) disregarding the angular values which
were recorded. The second, which will be called the trigonometric
mean, is obtained by converting distance and direction scores to
rectangular coordinates, summing the two coordinates separately,
computing coordinate means, and then combining them trigonometric-
ally into a radial mean by the formula

MR = M.2 + My2 *

The second type of mean was chosen for analysis because it defines

*The procedure and an example are presented in (1).
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a specific point in space, gives a better representation of a distribu-
tion of throws, and permits better predictions.

In addition to the means, which are a measure of accuracy for
each of the grenades, standard deviations were obtained trigonometric-
ally. The procedure used for this computation was similar to that
used for computing the mean error scores. Standard deviations for
the X axis scores and the Y axis scores were computed separately
and then combined in the formula

= + r2*

The resulting 30 standard deviations, which are measures of con-
sistency, are an important tool for evaluating performance. A
grenade with a large scatter but whose mean score is exactly on the
target may not be as good a grenade as one with a very small
scatter and a mean close to, but not on, the target. With this latter
grenade, the thrower has a better chance that any single throw will
be close enough to the enemy to cause damage.

Mean radikl error scores, mean Y-axis error scores, and
standard de'iations for each of the weights and distances are pre-
sented in Table 1. The mean Y scores will be used in the figures

TALE I

MEANS (RADIAL ADM '¥, AXIS) AM STANDARD DEVIATIKIS
FOR EACH CMWNATI3X OF VEIC1T OF ORIAn: AND DISTANCE Or TAOET

'Wleight {In Oon"") |

2, 4 6 1 10

ILI# K my S Ur SD r my) rýVqW DMr. o~W r ED
10 1.30 1.50 2.16 1.32 1.2. 1.251.4 1.12 1.01 0.30 1.03 0.63 1.51 1.51 1.06

15 0.29 -0,2 1.96 0.15 0.15 2.03 0.62 -0.42 1.74 0.11 0.0 1.41 1.66 1.66 1.

20 2.73 -1.12 2.72 1.02 1.02 1.56 0.51 -0.10 1.01 0.44 0.4 12. 0.30 043 0.1S
25 2.8 -2.07 2,71 1.07 0.2? 2.03 1.10-0.10 2.15 1.44 1.4 2.43 2.15 -2.60 2.46

30 4.35 -4.24 2.94 2.01 -2.01 2.54 1.92 -0.54 2.3 2.34 2.13 LI3 -2.?6 -2.23 2.28

35 36I.631-68.26 3.65 2.32 -2.231 2.5 1.9 -1.58 2.5 4.02 3.71 2.71 5.6 -5.3• 4.23

r a les radia error, obtained trlgonmetrliclly.

My - Mba error a th. Y axis.

* a Stadard deviatlon. abtamLed trlmvsostricalLy.

*The procedure and an example are presented in (1).



because they permit throws short of the target to be plotted separate-
ly from throws beyond the target. These scores were subjected to
graphic analyses and also to analysis of variance, with the appropri-
ate Flo and t's being computed.

A. Graphic Analyses

Figures I through 5 present the 360 individual subject
means plotted on a schematic view of the target. Each point is the
mean of 5 throws for a single subject. Each figure represents all
the points for one weight at every distance. The X on each bull's-
eye represents the trigonometric mean for the 12 points which have
been plotted. With minor exceptions, the general results suggested
in these figures can be summarized in the following way. As dis -

tance increases, accuracy changes in a systematic fashion. The
figures show that subjects in general overthrow on short distances
and progressively underthrow with increasing distance. In general,
as distance increases, the scatter of 12 points on each bull's-eye
increases. When the five figures are examined as a group, a similar
trend for weight can be seen. As weight increases mean error in-
creases, with the same general overthrow-underthrow relations
obtained with distance. Changes in the scatter as weight increases
are not clear in these figures and will be discussed later. It is
interesting to note that all the means for the 10-yard throws are be -
yond the target.

Figures 6 and 7 summarize changes in accuracy (mean
error on the Y axis) and as a function of distance and weight. Each
point is the trigonometric mean of all throws for each weight or
distance. The pronounced effect of distance is clear in Figure 6.
In Figure 7 a marked deviation from a trend of increasing error with
greater weight can be seen. Mean error for the 2-ounce grenade
is grossly greater than with the other weights. Examination of the
plots in Figures I through 5 shows that this deviation increases
progressively as distance increases, both for individual subjects
and for the means of all twelve subjects.

Figures 8 and 9 summarize changes in consistency as a
function of distance and weight. The marked and progressive effect
of distance on consistency is clear In Figure S. An optimum for
weight at 6 ounce* is indicated in Figure 9. This may be an artifact
due to the deviation from the general trend when the subjects threw
the lightest grenade, which has previously been discussed.
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B. Statistical Analyses

The effect of weight and distance on accuracy was evaluated
by an analysis of variance, using subject means in each cell. The
design of this analysis of variance can be described as a double
classification analysis, 12 subjects (scores) per cell, the same
subjects in every cell. Table 2 presents the results of the analysis
of variance of mean error Lcores. As the table shows, a significant
F was obtained for the interaction between weight and distance when
it was tested against the residual. The interaction term was there-
fore used in the test of significance for weight and for distance.
In both cases significant F's were obtained. It should be noted that
the variance -X4 divided by the df in Table 2) for distance is larger
by a factor of approximately 4 than the variance for weight or the
interaction of weight and distance.

TABLE 2

ANALYSIS. OF VARIANCE OF ACCURACY (MEAN ERROR)

Source of yff2 df F
Variation

weight 173.415 4 18.61""

Distance 882.123 5 S.44"

Wt. X Dist. 159.496 20 2.00"

Residual 1155.892 319

SubJects 100.539 11

Total 2251.365

"'Significant at 1% level.

Table 3 presents results of "t" tests of the significance
of the differences between means for weights and for distance.
These "t's" were obtained by the difference technique. For distance,
all pairs were significant except for the adjacent pairs in the 15,
20, and 25 yard portion of the range. For weight, accuracy with
the 2-ounce grenade is significantly poorer than that with any other
grenade. The 6-ounce grenade differed significantly from the 10-
ounce grenade. All other combinations were not significant.



TAILE 3

-XDTS OF SIGNIFICA•T E n(W O rTE'E M Mr•. MEAN EM FMR WEIM AND DISTANCE

Mom Error (ft) 0to Mec Error (ft) 0to.
t 2 . 4  4.30** tio"15 - 2.12-

2 os - 4.56 t 2. 6  3.42"* 10, yda, a 1.75 t 1 O. 20 a 2.91"
4 p4 - 2.80 t2 -8 *•4 15 yds = 2.29 t 1 0. 25 - 3.84"*
6 oz - 2.60 t2-10 3.57" 20 yda -2.43 t 1 0 .3 5 . 8.91"

0 oz - 2.89 t4-6 = 0.98 25 ydo 3.03 tlO-35 . 8.57*"

10 oz a 3.36 t 4-8 = 0.00 30 yds = 4.36 tl 5-2D - 0.40
t4-10 .lSO 35 yde - 5.68 t 1 5 .2 5 . 2.19"

-7-8 , 1.11 t 1 5 - 30 a 6.62""

(d% a 71) 99t.6 10 - 2.64" (df = 59) t15.33 = 9.64"*

(5% - 1.99) - 1.66 (5% - 2.00) t20.23 - 1.97

(1% 2.65) (1% 2.66) t20- 0.m77-

t20•. 35 . 7.52"*
t25.30 . 4.01"
t25 - 35 - 5.550*

t 30-35 " 2.97--

Significmnt at :% level., -

o S1•iflcnt at 1% lovel.

The effect of weight and distance on consistency was eval-
uated by an analysis of variance, using only one score (the standard
deviation of 12 subject means) in each cell. *This analysis 9f vari-
ance can be described as a double classification analysis, one score
per cell. This design was selected to be used on consistency scores
because there were insufficient throws (5 per subject) in each of the
30 conditions to permit individual standard deviations to be computed.
For the same reason, t's on consistency for pairs of weights and
distances could not be computed. While this design is sufficient
for examining the influence of primary variables upon performance,
it does not permit a test of the interaction between the two primary
variables. The results of the analysis of variance are shown in
Table 4. Both weight and distance gave "Fls" which were significant
beyond the 1% level of confidence. The variance ( EX 2 divided by
the df in Table 4) associated with distance is more than half of the
total variance.

TALE 4
ANALYSIS OF VARIANCZ OF CONSUI1IY (STANDARD DEVIATICN)

Source of
Variation 1[2 df F
weight 3.199 4 4.97"
Distanc 13.907 5 17.27*
Remainder 3.227 20

Total 20.333

" SignLf Lct at 19 level.
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In Figure 10, an attempt has been made to relate the accur -

acy of throwing to effort, by plotting error against a combination of

weight and distance. The effort scale (which is, at best, a rough



approximation of how hard the grenade was thrown) has units desig-
nated yard-ounces, obtained by multiplying the distance to the target
by the weight of the grenade. In the previous study (2), this pro-
cedure was used and a systematic trend was evident. A curve was
fitted by visual approximation. The distribution of the points in
Figure 10 is such that no attempt has been made to approximate. a
curve plot.

Since an extension of the effort curve from the previous
study is one objective of this study, it was necessary to have some
method of evaluating the comparability of scores in the two studies.
For the instructional period in this study, every subject made 10
throws at each of two distances (20 and 35 yards) with the 18-ounce
grenade. Target order was reversed for half of the subjects. All
20 throws were made in succession. Eight of the 12 subjects used
in this study had served in the previous study. Their scores for
these combinations of weight and distance in the two studies were
compared. Differences were tested for significance by computing
t's. A "t" of 1. 63 was obtained for throws on the 20-yard target. A
"It" of 1. 01 was obtained for throws on the 35-yard target. Neither
was siglnifidant ?t the 5% level of confidence.

IV. DISCUSSION AND CONCLUSIONS

Throughout the graphic and statistical analyses the marked effect
of distance on both the accuracy and consistency of throwing grenades
is evident. As distance increased both accuracy and consistency
decreas..d.

The results with weight were not so clear-cut. kn the analyses
of variance, weight yielded significant "F's" for both accuracy and
consistency. Examination of the "t's" for accuracy in Table 3 shows
that this significance is primarily the result of the difference between
the 2-ounce grenade and all other grenades. Figure 7 confirms this
general conclusion. Figure 9, which shows the effect of weight on
consistency, suggests the same general though less positive con-
clusion. Examination of the mean Y scores for the 2-ounce grenade.
given in Table 1, shows a marked increase in error at the 30-and
35-yard distances. This is probably the reason for the significant
difference of the 2-ounce grenade. It appears, from an inspection
of the individual means with the 2-ounce grenade on the 30-and 35-
yard targets in Figure 1, that these two distances are too far for a
man to throw a very light-weight o0ject effectively. A similar but
less marked effect can be noted in Table I for the 4-ounce grenades
at 30- and 35-yards. Observation during the experiment revealed an
interesting difference in the way the light grenades were handled.



At the shorter distances, although the throw was overhand, the men
made throws which had almost no trajectory at all. Instead, they
made a hard, flat throw, directly at the target post. In general,
it must be concluded that throwing this extremely light object was a
qualitatively different task than, that required by the remainder of
the grenades.

The attempt to relate performance of throwing grenades with a
crude approximation of effort was fruitless. It was pointed out above
that the throwing task with the lighter grenade3 at the shorter dis-
tances was qualitatively different from that of other combinations.
This same general effect can be noted in the effort plot, which sug-
gests that some combinations of light weights and short distances,
although plotted at the low end of the effort scale, might more ap-
propriately be at the high end of the scale. It is possible that changes
in the way a man throws a light object a short distance while striving
for maximum accuracy markedly alters the relationship between
accuracy and effort found in moderate and high parts of the range.

More adequate measurements of this effort could be obtained by
a different technique. When the human throws, he exerts a reactive
force with his body which can be directly related to the force imparted
to the object thrown. If he threw while standing on a platform instru-
mented to measure the reactive force, a direct measure of effort
might be obtained. This technique is now under consideration.

Three general conclusions come out of this study. First, as
distance increases, accuracy and consistency decrease in a systematic
fashion. Second, weight significantly alters accuracy and consistency.
Third, changes in performance as a function of weight may be related
to qualitative differences between throwing light and heavy objects.

The data suggest that these differences occur around 6 ounces,
both in terms of accuracy and consistency.

V. RECOMMENDATIONS

Light-weight grenades should not weigh less than 6 ounces.

The relationship between effort and performance at the gross
psychomotor task of throwing should be investigated with more preci-
sion. Varying amounts of effort could be obtained by having subjects
throw objects of several weights at targets located at several
distances. A reactive -force platform might provide a more direct
and precise measure of the effort expended.
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